Packaging is a key stage of the life cycle of a product regarding its environmental impact. Also, the contribution of the households in the success of packaging recycling programs is well documented. The aim of this paper is the presentation of the development of a computer-aided tool that assists consumers in minimising their everyday environmental impact via the environmental assessment of the products' packaging coupled with the recycling behaviour of the consumer. The tool has been developed in Microsoft Access and consists of a user-friendly interface and four databases which contain data on the packaging materials of consumer products and their weights alongside with data for the recycling rates of various waste packaging materials in Greece. The user inputs the number of packages per product that he/she bought followed by his/her recycling habits. The tool then calculates the environmental impacts of his/her choices (both consumer and recycling). The key advantage of the developed computer tool is its simplicity, both conceptual and operable. On the other hand, its main drawback is that impact assessment data are based on Dutch conditions. Overall, the implications of the developed computer-aided tool for informing and raising consumer awareness on packaging waste recycling are enormous.
Introduction
Packaging is an indispensable part of every consumer product [1] . Packaging offers preservation of product from contamination, product information and identification, and convenient transport and distribution. Packaging waste constitutes one of the major streams in municipal solid waste. It is estimated that at present there is about 10 million tons of solid waste generated annually in the world, of which packaging waste accounts for one-third [2] . Packaging has been the subject of intense public debate, as today's products are offered in a wide range of packaging alternatives made from different materials and in different sizes [3] and because the packaging waste stream is among the most rapidly growing components of municipal solid waste since at least the 1970s [4] . Life cycle assessment [5] is a holistic methodology, utilized routinely for the environmental impact assessment of packaging materials [6, 7] since the 1990s, following the pioneering work by Hocking [8] . Environmental impact assessment is based on the data acquired during the life cycle inventory phase of each packaging material. The utilisation of such databases for the compilation of life cycle data is well established. Among them, the ecoinvent database is the most recognisable [9] .
Proper management of packaging waste is required in order to improve the overall environmental efficiency of any product. In this framework, extended producer responsibility (ERP) is being propagated as a new paradigm in packaging waste management by engaging both producers and consumers [10] . Based on its importance, management of packaging waste is among the first issues tackled by the EPR schemes worldwide. The European Union has adopted the key pillars of EPR and implemented them, through various directives, in corresponding waste streams [9] . Producers may fulfill their responsibility either in an individual or a collective way. If they choose the first, they bear responsibility only for the products that they put on market. However, bearing the responsibility may be proved extremely costly. Instead, the producers can join together and form collective compliance schemes (or collective take-back systems), in order to be in line with EPR requirements. The role of 2 Journal of Computational Environmental Sciences The aim of this paper is the presentation of the development of a computer-aided tool which calculates the environmental impact of the packaging waste associated with the everyday supply of consumer products. The tool is built utilising the characteristics of relational databases. The required inputs to the tool are a list of consumer products in addition to the recycling habits of the consumer and the recovery rates achieved by the various packaging recycling systems currently operating in Greece. The tool then, based on the available recycling rates per material and a predefined impact scale, calculates the total impact caused by the packaging waste of the initial list of products.
Packaging Recycling in Greece
The packaging waste components recycled in Greece are plastic, glass, aluminum, paper, paperboard, tin, and wood via either collective or individual PRO schemes. The PRO with the most widespread geographical coverage is that of the "blue" bins, since it is a collective one. During 2011, the coverage of the Greek population by the PRO system for packaging waste reached 79% (based on the population data of the 2001 census). There is also an individual PRO operated by a major food retailer and another collective one aiming specifically at the plastic packages of lubricants. Once collected, the content of the "blue" bins is transferred to recycling centres, where the recyclables are separated into material streams. However, there is a quite high percentage of the "blue" bins content (ranging from 17 to 45% for 2010) that ends up in the landfill, due to low material quality.
The amount of each packaging material recycled in Greece from 2008 to 2010 is presented in Table 1 [12]. The quantitative targets for the end of 2011 for packaging waste were set to 55-80% recycling, by weight. Regarding the recovery rate, the latest updated data, available for 2010, that is, seven years after the introduction of the collective "blue" bins system, indicate that 545,634 tons of packaging waste was Regarding the temporal trend of packaging waste recycling, its quantities in 2011 were reduced compared to 2008 by 19% (4% during 2009, 8% during 2010, and 7% during 2011). 194,000 tonnes of packaging waste was recycled in 2011, along with 274,000 tonnes of recyclable materials (including printed paper). During the same year, the per capita packaging waste recovery index was reduced by approximately 11%, for the first time since 2004 [12]. This is not only the result of both the financial crisis that Greece is facing but also it is attributed to the activity of scavengers, which has been increased, also as a result of the general economic and social decline in Greece. However, note that there was a significant increase (+54%) in the recovery of glass compared to 2010 as a result of the focused actions for its recovery [12].
The Implementation of the Tool
The goal of the developed computer-aided tool is the identification of the environmental impact caused by the packaging of everyday items, which subsequently aims at raising environmental consciousness by the consumers. In order to achieve its goal, the tool utilises a set of databases which contain numerical data manipulated by a set of logical predefined criteria. Thus, the developed tool falls within the hybrid DSS approaches. The advantages of databases for increased information sharing and advanced environmental consciousness of individuals related to green products are well documented [13] . The computer-aided tool was developed in Microsoft Access 2000, a relational database that comes together with its Data Base Management System (DBMS) that runs in Windows XP operational system on a personal computer. It is a standalone software package that makes possible the overall management of structured information, that is, its storage, selective search, and retrieval.
Microsoft Access includes wizards that easily create the data files and the commands for comparing, retrieving, printing, and presenting the data. It also includes two "query" languages, namely, the Structured Query Language (SQL) and the Query By Example (QBE). It also includes a full programming language which allows for the development of any calculating or logical algorithm. This language was very helpful for the structuring of the impact improvement algorithm of the tool (see Section 3.2). It also includes a simple programming language for the management of macros.
Once the development of the database application is completed, a single file is created, name.mdb, which contains all the databases, queries, macros, and so forth. Thus, the tool can be copied and transferred very easily. All of the aforementioned characteristics make Microsoft Access an ideal tool for the development of low-budget computer tools for research purposes. The only prerequisite for running the tool is the availability of a personal computer with Microsoft Access installed. The user interface of the tool was developed in the Greek language and consists of several dialogue screens. Figure 1 presents the execution algorithm of the tool. The user, via the introductory program menu, can either run the program and calculate the environmental impact or change the default parameters for the various packaging materials. By pressing the "Change parameters" button, the user has three options:
(i) either to introduce new products in the products database or change the packaging characteristics of the existing products or (ii) modify the default recycling rates per material included in the respective database, or finally (iii) update the impact assessment default values per material.
If the user chooses to calculate the environmental impact of packaging, there are four major stages in the execution of the program (see Figure 2 ).
The consumer, at first, inputs the quantities of goods that he/she bought via a dialogue screen that includes a list of all products available in the database (see Figure 3 ). The function of the program is utilised by the use of a product database which contains packaging information of products that are currently available in the Greek market. The database currently contains packaging information of a hundred products, but the user can extend it by adding new consumer products by just identifying its packaging materials and by weighting them in an ordinary kitchen scale found in every household. In the database, each product record consists of the description of the product, its packaging material(s), and the weight of the packaging material(s). In the upper righthand side of the product definition dialogue screen, there is also a button which once pressed resets all product selection values to zero. The tool, then, prompts the consumer to identify his/her recycling habits for each one of the materials, that is, glass, aluminum, various plastics (PET, PVC, PP, HDPE, and LDPE), and so forth. The next requirement is for the user to check or alter the available recycling rates for each packaging material. Defaults rates are available for each material. The main underlying assumption here is that different packaging waste collection systems yield different recovery rates, even if they are implemented in the same sociodemographic and geographical setting [14] . Recycling rates per material can be updated based on the information published every year by each PRO in the website of the Hellenic Recycling Agency [12] .
The tool then calculates the environmental impact of the consumer goods that were initially selected by the user, its recycling habits, the recycling rates, and the life cycle environmental impact of the packaging material(s). The calculation of the life cycle environmental impact is based on the utilisation of the Eco-indicator 99 [15] . Eco-indicator 99 can be used to calculate standard indicator scores for frequently used materials, such as the packaging materials, during their entire life cycle. It accounts for three principal categories of environmental impacts: human health, ecosystems quality, and resources [15] . The standard Eco-indicator values are dimensionless. The unit of measurement is called the Ecoindicator point, Pt, and is divided into 1000 millipoints (mPts). Practically speaking, the Eco-indicator point is an arbitrary unit, since the kilopoint (=1000 points) is defined by dividing the total environmental load in Europe by the number of its inhabitants [15] .
For each material, its production, processing, waste treatment, and recycling, mPts are summed up (see (1) ). The total environmental impact is calculated in mPts as follows:
Total impact (mPts) = ∑ [material * (100 − % recycling material ) * material impact ] , (1) where material is the weight per packaging material expressed in g, % recycling material is the percentage of recycling per packaging material, and material impact is the total environmental impact per packaging material expressed in mPts.
Finally, the consumer can run via the tool an algorithm which suggests a better way of recycling or similar products with lower environmental impact packaging.
Description of the Databases and Queries.
The aforementioned user input is expressed in terms of the following three databases:
(1) ProductsTable: the database which contains all the product-related data; (2) HowDoYouRecycleTable: the database which contains information on the % of recycling per packaging material; (3) TotalMillipointsTable: the database which contains the impact assessment information (mP/kg of packaging material).
The database fields included in the ProductsTable are the following:
(i) ID: a numeric variable; each product is assigned a unique identification number;
(ii) Product: a string variable: the full commercial description of the product; it includes common commercial weights of available products;
(iii) Quantity: a numeric variable containing the quantity of packages per product bought by the consumer;
(iv) Rec pos: a Boolean variable for declaring the possibility of packaging recycling;
(v) Substitute: a numeric variable pointing to a different product identification number in the database which can substitute the current product; substitute products refer to common products available in different packaging and container alternatives (e.g., beer is offered in 500 mL glass bottles or 330 mL aluminum cans);
(vi) Material: packaging materials included in the database are glass, aluminum, tin, paper, PET, polyethylene (both high and low density), PVC, and polypropylene;
(vii) WeightperMat: there are as many of those numeric variables as there are packaging materials; each variable contains the respective weight per packaging material; these values are utilized in the calculation of the materials' weights that are recycled;
(viii) TotPackW: a numeric variable that contains the sum of packaging weight per product.
The database fields included in the HowDoYouRecycleTable are the following:
(i) Al sep: a Boolean variable that is true when the consumer recycles aluminum separately;
(ii) Gl sep: a Boolean variable that is true when the consumer recycles glass separately;
(iii) PAP sep: a Boolean variable that is true when the consumer recycles paper separately;
(iv) Blue bins: a Boolean variable that is true when the consumer recycles all packaging through the blue bins collective system;
(v) No rec: a Boolean variable that is true when the consumer does not recycle any packaging material at all.
Tables are associated with each one of the aforementioned Boolean variables that include the % recycling rates per packaging material. Once a variable is selected, the algorithm uses the default recovery values for each one of the packaging materials. The main underlying assumption is that the recovery rates for the selective recycling of individual packaging materials are higher compared to those of the collective recycling system of blue bins [14] .
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The database fields included in the TotalMillipointsTable are the following:
(i) Extraction: a numeric variable that contains the mPts associated with the extraction for each one of the packaging materials;
(ii) Processing: a numeric variable that contains the mPts associated with the processing for each one of the packaging materials;
(iii) Disposal: a numeric variable that contains the mPts associated with the final disposal for each one of the packaging materials;
(iv) Recycling: a numeric variable that contains the mPts associated with the recycling for each one of the packaging materials.
All relevant data are retrieved from the databases and manipulated using queries based on predefined criteria. Queries are also utilized for the execution of the calculations within a database or among the three aforementioned databases. More specifically, the products sum query calculates the sum of packaging materials associated with the consumer products by summing up the multiplication results of the actual quantities of products times the material(s) per product packaging. The results of the summation are appended to the TotalMaterialsTable.
Impact Reduction
Algorithm. The program has also incorporated an impact reduction algorithm. Once the calculation of the total environmental impact has been performed, the user is prompt by a button reading "How to improve it?" Based on the initial product list of the user, the tool performs two checks based on a set of predefined logical criteria.
(i) At first, it checks the recycling database if there exists a better way of recycling for each packaging material. Thus, the total environmental impact is reduced via improved recycling.
(ii) Then, it checks the products database if there are similar products available in different packaging (e.g., refreshments offered in different packaging alternatives) that reduce the total impact by substituting their packaging material(s).
Based on those two checks, the tool prompts the user with the available alternatives for minimising the environmental impact of his/her product choices.
Discussion
The key advantage of the developed computer tool is its simplicity, both conceptual and operable. It can run on any personal computer running on a very popular operating system and having installed the affordable Microsoft Access software. On the other hand, this can also be a weakness of the tool, since the availability of a commercially available product is a prerequisite for the execution of the database. Based on the current version of the tool, the user can add products alongside their packaging to the database and update the recycling data per packaging method and material. Thus, the databases of the tool can be built up in order to include a vast variety of consumer products and on the other hand can stay always up to date following the improvements in the recycling infrastructure in Greece. Also, the conversion of the tool in an online platform will improve its visibility and usage by the consumers.
On the other hand, its main drawback is that the Ecoindicator 99 method and the subsequent estimation of environmental impact in mPts are based on Dutch data and, thus, in absolute terms, they are not representative of the packaging life cycle stages in Greece. However, this fact does not negate the usefulness of such a tool since the relative environmental impact assessment among product packaging waste and recycling practices remains intact.
The implications of the developed computer-aided tool for informing and raising consumer awareness on packaging waste recycling are enormous. Such a tool can be linked with the barcodes of supermarkets' and retailers' products. In such a case, the consumers will get a "packaging receipt" at the check-out cashiers which will inform them about the weight of every packaging material that they bought along with their goods.
Conclusions
A user-friendly computer-aided tool has been developed in Microsoft Access environment that aims at assisting the consumers to make environmentally friendly choices based on their consuming and recycling habits. The inputs to the tool are a list of consumer products and their quantities in addition to the recycling habits of the consumer. The tool, then, based on the available recycling rates per material and the predefined impact scale of Eco-indicator 99, calculates the total impact score of the initial list of products. The tool has also incorporated an impact improvement algorithm for offering educated alternatives to the user aiming at reducing the total environmental impact of his/her choices.
